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Abstract 
The work studies the problems arising at calculation of reliability indicators in relation to thermal networks of the large cities. 
Techniques of determination of reliability of heat supply deadlock and ring systems are analysed. Calculation of indicators of 
reliability of two cities (Kazan and Naberezhnye Chelny) having various structures of thermal networks is executed. The problem 
of reliability assessment at the moment and in the future is solved in the paper with the account of complication of heat supply 
schemes, development of new residential and industrial regions, changes such as laying of pipelines. The received indicators of 
reliability of the existing structure of thermal networks will allow one to define an optimum zone of connection of new 
consumers. 
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System of heat supply – the part of a power complex including heat source with boiler units, the pump and other 
equipment, the parting high-level and intra quarter external thermal networks and internal systems of 
heatconsumption of buildings. Set of all devices provides functioning of system as whole. At the same time damage 
of one of links, exerts impact on all system of heat supply. 
Reliability of the heat supplying systems is defined by reliability as generating and the network part of system. 
Indicators of reliability of giving of warmth are estimated at all hierarchical levels of system of heat supply. The 
general set of reliability of all levels defines reliability of heat supply of consumers. Calculation of reliability of the 
top level – heat sources, represents an independent task. Thermal networks are the weakest link in system of heat 
supply therefore the special attention has to be paid to questions of ensuring reliability of their work [1-26]. 
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For creation of mathematical models of reliability of technical systems analytical methods and, more rare, a 
method of static modeling are used. Calculations of the same parameters by different methods show various results 
differing in a time several times. Besides, in many publications the techniques offered to application are 
accompanied by some difficulties in use. Such situation arises most often because these or those statistical data are 
absent. It is also necessary to note that calculation of reliability of deadlock and ring systems of heat supply has 
differences. 
Today there are several techniques of an assessment of level of reliability of heat supply systems [3-11], but in 
practice their application for a number of reasons is difficult to achieve. These methodical instructions cover 
extremely narrow area of research of reliability and don't explain how these or those indicators in case of absence or 
shortage of basic data for calculation pay off and estimated. 
The aforesaid causes relevance of expansion of methodical base according to reliability of systems of heat supply 
for the purpose of practical application at design. 
Authors have developed and approved two methods of calculation of reliability of thermal networks. Calculations 
of reliability were carried out for two cities. On the example of Kazan the deadlock thermal network of east power 
area was considered. On the example of Naberezhnye Chelny the assessment of reliability of a ring thermal network 
was carried out. 
The method of calculation of reliability of thermal networks of deadlock branched structure is based on the work 
[5] intended for definition of indicators of reliability of mainly main gas pipelines. At the heart of a method it is 
splitting the pipeline transport systems (PTS) into the emergency and repair zones (ERZ) and replacement of 
structure of TTS with ERZ macrostructure. 
Due to the fundamental differences of thermal systems from other engineering systems, the technique is approved 
for calculation of reliability of systems of heat supply with some assumptions. Features of the offered technique: 
x splitting the count of an initial thermal network into emergency and repair zones was made with a condition of 
transportation of the heat carrier to the central heat distribution stations (CHDS), but not to the consumer. I.e. 
only refusals on the high-level thermal networks were considered as the influencing damages; 
x refusals during the summer period were equated to influencing. 
Technical reliability of each of the emergency and repair zones is determined by a formula (1): 
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where ݌௜ - technical reliability of pipelines and latches, ݐ – the total number of pipelines, ܽ – the total quantity of 
latches. 
Equivalent reliability of a network in case of consecutive connection of elements is calculated on a formula (2): 
1
n
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in case of parallel connection of elements (3): 
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where n – number of elements in a site, ݌௝ - probability of no-failure operation of a constructive element of a 
pipeline transport network, corresponding to a j - site element. ݌௝value is chosen according to weight functions of 
the macrocount ERZ. 
Application of a method of emergency and repair zones for definition of probability of operating state of system 
of heat supply allows to consider features of structure of a network, allows to estimate adequately reliability of heat 
supply of certain consumers at: 
x design, construction and reconstruction of sites of thermal networks; 
x choice of a point of connection of new consumers to thermal networks; 
x the choice of the most "difficult" consumer who is in the most adverse conditions; 
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x justification of need of a site reservation; 
x development of the scheme of heat supply of settlements and city districts. 
In figure 1 the scheme of the main pipelines of the thermal networks which are carrying out transportation of the 
heat carrier from regional boiler "Savinovo" is submitted. 
 
Fig. 1. Deadlock thermal network of east power area 
In figure 2 the count of a thermal network containing a source and consumers is presented. The initial count is 
broken into subgraphs of emergency and repair zones. 
For each ERZ in case of accident or carrying out maintenance and repair works on any of sites all other sites and 
consumers of this zone are forcedly cut from a source, i.e. consumers of one zone in each timepoint have an equal 
opportunity to have or not to receive the heat carrier [5]. 
Calculation is made for two options: 
x option – system of heat supply is powered from one source – boiler "Savinovo" (the top 7 in fig. 2 is really 
displayed thermal chamber); 
x option – system of heat supply are reserved on one of branches with connection of the second source (the top 7 is 
the second source). 
When calculating the assumption that consumers are eight CHDS (P1, P2 … P8) (fig. 1) is accepted. The network 
contains 2 thermal chambers (tops 2 and 8), seven latches with the designation aj, j=1,2 … 7, four latches with 
designation ɚɫ and seventeen sites of a thermal network (an edge with the designation ti, i=1,2 … 17 (fig. 2)). 
The mathematical model of heat-conducting system is presented, in the form of the weighed count: 
G [z, l, μ, Ȝ, p ] = (V, E, z, l, Ȝ , μ, p)   (4) 
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where V – a set of the tops of the count corresponding to thermal chambers, a source of heat and consumers; E – a 
set of the arches of the count corresponding to real pipeline sites; z, l, Ȝ , μ, p – the weight functions on the count's 
edges defining existence and an arrangement of shutoff valves on a site, the site length, intensity of wear and 
intensity of restoration of a site, reliability of shutoff valves on a site. 
Fig. 2. The count of a thermal network with breaking on emergency and repair zones 
Models of functional reliability of a thermal network concerning each consumer have been created. 
The simplified model for the consumers connected to P1 central heat distribution station is given as an example in 
figure 3. 
 
Fig. 3. Simplified macrocount of a thermal network for consumers of P1 
The block diagram of calculation of functional reliability for the same consumers is submitted on fig. 4. 
 
Fig. 4. The block diagram of calculation of functional reliability for consumers of P1 (consecutive) 
For determination of functional reliability of consumers of P1-P8 the following basic data were set [5, 25]:  
x settlement model of functional reliability concerning each consumer; 
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x weight function P at tops of the macrocount ERZ defining technical reliability of each ERZ network;  
x weight function  ˃˓on edges of the macrocount ERZ defining technical reliability of shutoff valves of all network. 
On graphics of figure 5 results of calculations of probability of operating state for consumers of P1-P8 for the 
considered options are presented. 
 
Fig. 5. Indicators of functional reliability of the source consumer system 
Results of calculation demonstrate that the consumers designated on the scheme P8 (Figure 1) are provided with 
the heat carrier with the smallest reliability. Apparently from the graphics in case of giving of warmth from two 
sources, reliability of heat supply of all consumers considerably increases, and for consumers 2-7 reaches the 
maximum value (pt = 0,999) [12]. 
The method of calculation of reliability of ring networks with deadlock branched branches is based on work [4]. 
Development of a technique consist in the following: refusals during the summer period are equated to influencing 
(formation of statistics of refusals is made without allocation of the heating and interheating periods). 
Average value of probability of system failure during t is determined by expression (5): 
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where n– number of the zones which are logging in߱ - failure rate. An ensemble average of the disconnected 
thermal power at accident (6): 
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Indicator of reliability of a thermal network (7): 
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where ܳ଴ - the connected power. 
The method of calculation of an indicator of reliability of heat supply system allows to compare the received 
coefficient with standard at: 
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x development of the scheme of heat supply of settlements and city districts; 
x definition of sectioning of a thermal network for the purpose of distribution of size of the disconnected power at 
accidents. 
Indicators of reliability of thermal networks of Naberezhnye Chelny and taking into account increase in thermal 
loading are determined now by this technique. Calculation is made with preliminary justification of a structural 
reserve of a thermal network (a partition on redundant – ring part and not redundant – deadlock branched out). Then 
the problem of sectioning of a thermal network which determines the average size of the disconnected power at 
accidents is solved. As a result of calculation the indicator of reliability ܴ˔Ǥ˕ሺݐሻ, is defined which has to correspond to 
size not below standard [13]. 
Calculations of an indicator of reliability and taking into account increase in thermal loading are presented now in 
[14-24]. On graphics of figure 6 results of calculation of coefficient of security with the heat carrier now and on 
prospect till 2028 are presented. 
 
Fig. 6. Coefficient of security with the heat carrier on power areas of Naberezhnye Chelny on the current situation and on prospect 
Apparently from the graphics, reliability will remain practically at the same level. This results from the fact that 
reliability of system is influenced mainly by failure rate which is connected with aging of pipelines of thermal 
networks. Therefore, connection of new consumers to system of heat supply with ring thermal networks won't be 
reflected in reliability of heat supply. 
Conclusion: the method of calculation of reliability applicable for calculation of systems of heat supply of two 
types are defined: deadlock branched out (Kazan) and ring (N. Chelny). The calculated indicators of reliability are 
true that is confirmed by collected statistical data on refusals of thermal networks of the city. In system of heat 
supply where the calculated indicator of reliability has the minimum value, the frequency of emergence of refusals 
on thermal networks is high. It proves a possibility of application of the developed techniques. 
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